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HEAT PUMP WITH INTEGRAL SOLAR
COLLECTOR

RELATED APPLICATION DATA

This patent application claims priority to U.S. Provisional
Patent Application No. 61/231,238, filed on Aug. 4, 2009
entitled “Heat Pump with Integral Solar Collector,” the
entirety of which is hereby incorporated by reference herein.

FIELD OF THE INVENTION

The present invention generally relates to highly integrated
solar collector with a heat pump. In all embodiments, the
present invention utilizes the same working fluid within the
primary solar collector as the heat pump.

BACKGROUND OF THE INVENTION

Due to a variety of factors including, but not limited to,
global warming issues, fossil fuel availability and environ-
mental impacts, crude oil price and availability issues, alter-
native energy sources are becoming more popular today. One
such source of alternative and/or renewable energy is solar
energy. One such way to collect solar energy is to use a solar
receiver to focus and convert solar energy into a desired form
(e.g., thermal energy or electrical energy). Thermal energy
harvested from the sun is known in the art to be utilized in
absorption heat pumps, domestic hot water and industrial
processes, power generating cycles through the heating of a
secondary heat transfer fluid, power generating cycles
through the direct heating of power generating working fluid
such as steam, and for heating. Furthermore, it is recognized
that a wide range of energy consumers can be supplied via
electrical and/or thermal energy such as air conditioning,
refrigeration, heating, industrial processes, and domestic hot
water. Given this, solar collectors that function in efficient
manners are desirable.

Traditional thermal activated processes effectively con-
sider every unit of energy into the system. Furthermore by
definition solar energy is a function of solar intensity and thus
at the minimum is absent during the nighttime, unless signifi-
cant thermal storage is utilized that is currently very expen-
sive. Additionally, it recognized in the art that vapor compres-
sor heat pumps have coefficients of performance “COP”
substantially higher than absorption heat pumps. And hot
water heaters utilizing vapor compressor driven heat pumps
also have substantially higher COPs as compared to direct
heating of hot water having COPs less than unity. In addition,
traditional solar collectors, particularly flat panel collectors,
are temperature constrained due in large part to declining
efficiencies as a function of temperature and the degradation
of the working fluid which is often a mixture of a glycol and
water. Solar collectors typically fall into the category of pump
driven working fluid circulation or thermosiphon that respec-
tively have the deficiency of requiring a pump or orientation
of solar collector with respect to the “condenser”.

Heat pumps also have significant limitations that limit tem-
perature including the requirement for oil lubrication that
would suffer oxidative destruction at the higher temperatures
desired within heat pumps. Additionally, the working fluid in
virtually all refrigerants is significantly expandable across a
wide operating temperature range.

The combined limitations of each individual component
being the solar collector and the heat pump presents signifi-
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2

cant challenges that are further exasperated when high inte-
gration using the same working fluid for both devices is
realized.

SUMMARY OF THE INVENTION

The present invention generally relates to highly integrated
solar collector with a heat pump. In all embodiments, the
present invention utilizes the same working fluid within the
primary solar collector as the heat pump.

In one embodiment, the present invention relates to a heat
pump system comprising: at least one working fluid; at least
one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump; and at least one thermal sink having an
inlet and an outlet designed to receive and utilize the at least
one working fluid, wherein the inlet of the at least one thermal
sink is in fluid communication via the at least one working
fluid with the outlet of the at least one solar collector, and
wherein the outlet of the at least one thermal sink is in fluid
communication via the at least one working fluid with the
inlet of the at least one heat pump, wherein the heat pump
system contains a first temperature sensor and a first pressure
sensor in fluid communication with the at least one working
fluid, the first temperature sensor and the first pressure sensor
being located between the at least one heat pump and the at
least one solar collector, wherein the heat pump system con-
tains a second temperature sensor in fluid communication
with the at least one working fluid, the second temperature
sensor being located between the at least one solar collector
and the least one thermal sink, and wherein the heat pump
system contains a third temperature sensor in fluid commu-
nication with the at least one working fluid, the third tempera-
ture sensor being located between the at least one thermal sink
and the at least one heat pump.

In another embodiment, the present invention relates to a
heat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump; at least one thermal sink having an inlet
and an outlet designed to receive and utilize the at least one
working fluid, wherein the inlet of the at least one thermal
sink is in fluid communication via the at least one working
fluid with the outlet of the at least one solar collector; at least
one expander having an inlet and an outlet designed to receive
and utilize the at least one working fluid, wherein the inlet of
the at least one expander is in fluid communication via the at
least one working fluid with the outlet of the at least one
thermal sink; and at least one condenser having an inlet and an
outlet designed to receive and utilize the at least one working
fluid, wherein the inlet of the at least one condenser is in fluid
communication via the at least one working fluid with the
outlet of the at least one expander, and wherein the outlet of
the at least one condenser is in fluid communication via the at
least one working fluid with the inlet of the at least one heat
pump, wherein the heat pump system contains a first tempera-
ture sensor and a first pressure sensor in fluid communication
with the at least one working fluid, the first temperature
sensor and the first pressure sensor being located between the
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at least one heat pump and the at least one solar collector,
wherein the heat pump system contains a second temperature
sensor in fluid communication with the at least one working
fluid, the second temperature sensor being located between
the at least one solar collector and the least one thermal sink,
wherein the heat pump system contains a third temperature
sensor in fluid communication with the at least one working
fluid, the third temperature sensor being located between the
at least one thermal sink and the at least one heat pump, and
wherein the heat pump system contains a fourth temperature
sensor and a second pressure sensor in fluid communication
with the at least one working fluid, the fourth temperature
sensor and the second pressure sensor being located between
the at least one expander and the at least one condenser.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump; at least one thermal sink having an inlet
and an outlet designed to receive and utilize the at least one
working fluid, wherein the inlet of the at least one thermal
sink is in fluid communication via the at least one working
fluid with the outlet of the at least one solar collector; at least
one expansion valve having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one expansion valve is in fluid communi-
cation via the at least one working fluid with the outlet of the
atleast one thermal sink; and at least one evaporator having an
inlet and an outlet designed to receive and utilize the at least
one working fluid, wherein the inlet of the at least one evapo-
rator is in fluid communication via the at least one working
fluid with the outlet of the at least one expansion valve, and
wherein the outlet of the at least one evaporator is in fluid
communication via the at least one working fluid with the
inlet of the at least one heat pump, wherein the heat pump
system contains a first temperature sensor and a first pressure
sensor in fluid communication with the at least one working
fluid, the first temperature sensor and the first pressure sensor
being located between the at least one heat pump and the at
least one solar collector, wherein the heat pump system con-
tains a second temperature sensor in fluid communication
with the at least one working fluid, the second temperature
sensor being located between the at least one solar collector
and the least one thermal sink, wherein the heat pump system
contains a third temperature sensor in fluid communication
with the at least one working fluid, the third temperature
sensor being located between the at least one thermal sink and
the at least one heat pump, and wherein the heat pump system
contains a fourth temperature sensor and a second pressure
sensor in fluid communication with the at least one working
fluid, the fourth temperature sensor and the second pressure
sensor being located between the at least one expansion valve
and the at least one evaporator.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump; at least one thermal sink having an inlet
and an outlet designed to receive and utilize the at least one
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working fluid, wherein the inlet of the at least one thermal
sink is in fluid communication via the at least one working
fluid with the outlet of the at least one solar collector; at least
one fluid accumulator having an inlet and an outlet designed
to receive and utilize the at least one working fluid, wherein
the inlet of the at least one fluid accumulator is in fluid
communication via the at least one working fluid with the
outlet of the at least one thermal sink; and at least one control
valve having an inlet and an outlet designed to receive and
utilize the at least one working fluid, wherein the inlet of the
at least one control valve is in fluid communication via the at
least one working fluid with the outlet of the at least one fluid
accumulator, and wherein the outlet of the at least one control
valve is in fluid communication via the at least one working
fluid with the inlet of the at least one heat pump, wherein the
heat pump system contains a first temperature sensor and a
first pressure sensor in fluid communication with the at least
one working fluid, the first temperature sensor and the first
pressure sensor being located between the at least one heat
pump and the at least one solar collector, wherein the heat
pump system contains a second temperature sensor in fluid
communication with the at least one working fluid, the second
temperature sensor being located between the at least one
solar collector and the least one thermal sink, and wherein the
heat pump system contains a third temperature sensor in fluid
communication with the at least one working fluid, the third
temperature sensor being located between the at least one
thermal sink and the at least one heat pump.

In still another embodiment, the present invention relates to
a heat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump; and at least one working fluid inventory
storage system, wherein the at least one working fluid inven-
tory storage system is in fluid communication with both the at
least one heat pump and the at least one solar collector,
wherein the at least one working fluid inventory storage sys-
tem is designed to working in a bi-directional manner, and
wherein the at least one working fluid inventory storage sys-
tem comprises: at least one bi-directional expansion valve
having an inlet and an outlet designed to receive and utilize
the at least one working fluid, wherein the inlet of the at least
one bi-directional expansion valve is in fluid communication
via the at least one working fluid with both the outlet of the at
least one heat pump and the inlet of the at least one solar
collector; at least one bi-directional condenser having an inlet
and an outlet designed to receive and utilize the at least one
working fluid, wherein the inlet of the at least one bi-direc-
tional condenser is in fluid communication via the at least one
working fluid with the outlet of the at least one bi-directional
expansion valve; and at least one bi-directional fluid accumu-
lator having an inlet and an outlet designed to receive and
utilize the at least one working fluid, wherein the inlet of the
at least one bi-directional fluid accumulator is in fluid com-
munication viathe at least one working fluid with the outlet of
the at least one bi-directional condenser, wherein the heat
pump system contains a first temperature sensor in fluid com-
munication with the at least one working fluid, the first tem-
perature sensor being located between the at least one heat
pump and the at least one solar collector, wherein the heat
pump system contains a second temperature sensor in fluid
communication with the at least one working fluid, the second
temperature sensor being located downstream of the at least
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one solar collector, wherein the heat pump system contains a
third temperature sensor in fluid communication with the at
least one working fluid, the third temperature sensor being
located between the at least one bi-directional expansion
valve and the at least one bi-directional fluid accumulator, and
wherein the heat pump system contains a first pressure sensor
in fluid communication with the at least one working fluid, the
first pressure sensor being located between the at least one
bi-directional expansion valve and the at least one bi-direc-
tional fluid condenser.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
solar collector having an inlet and an outlet designed to
receive and utilize the at least one working fluid, wherein the
inlet of the at least one solar collector is in fluid communica-
tion via the at least one working fluid with the outlet of the at
least one heat pump via at least one first valve; at least one first
thermal sink/condenser having an inlet and an outlet designed
to receive and utilize the at least one working fluid, wherein
the inlet of the at least one first thermal sink/condenser is in
fluid communication via the at least one working fluid with
the outlet of the at least one heat pump via at least one second
valve; at least one fluid accumulator having an inlet and an
outlet designed to receive and utilize the at least one working
fluid, wherein the inlet of the at least one fluid accumulator is
in fluid communication via the at least one working fluid with
the outlet of the at least one heat pump via at least one third
valve; at least one thermal sink/heat exchanger combination
having an inlet and an outlet designed to receive and utilize
the at least one working fluid, wherein the inlet of the at least
one thermal sink/heat exchanger combination is in thermal
communication, or fluid communication, via the at least one
working fluid with the outlet of the at least one solar collector,
and wherein the outlet of the at least one thermal sink/heat
exchanger combination is in thermal communication, or fluid
communication, via the at least one working fluid with the
inlet of the at least one first thermal sink/condenser; and at
least one second thermal sink/condenser having an inlet and
an outlet designed to receive and utilize the at least one
working fluid, wherein the inlet of the at least one second
thermal sink/condenser is in fluid communication via the at
least one working fluid with the outlet of the at least one first
thermal sink/condenser, and wherein the inlet of the at least
one second thermal sink/condenser is in fluid communication
via the at least one working fluid with the outlet of the at least
one fluid accumulator pump via at least one fourth valve.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least one heat pump having an inlet and an outlet designed to
receive and utilize the at least one working fluid; at least one
thermal sink having an inlet and an outlet designed to receive
and utilize the at least one working fluid, wherein the inlet of
the at least one thermal sink is in fluid communication via the
at least one working fluid with the outlet of the at least one
heat pump via at least one first valve; at least one heat
exchanger/pump combination, wherein the at least one heat
exchanger/pump combination is in thermal communication,
or fluid communication, with the at least one thermal sink; at
least one solar collector having an inlet and an outlet designed
to receive and utilize the at least one working fluid, wherein
the inlet of the at least one solar collector is in fluid commu-
nication via the at least one working fluid with the outlet of the
atleast one thermal sink; and at least one evaporator having an
inlet and an outlet designed to receive and utilize the at least
one working fluid, wherein the inlet of the at least one evapo-
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rator is in fluid communication via the at least one working
fluid with the outlet of the at least one solar collector via at
least one second valve, and wherein the outlet of the at least
one evaporator is in fluid communication via the at least one
working fluid with the inlet of the at least one heat pump,
wherein the heat pump system contains a first temperature
sensor and a first pressure sensor in fluid communication with
the at least one working fluid, the first temperature sensor and
the first pressure sensor being located between the at least one
heat pump and the at least thermal sink, wherein the heat
pump system contains a second temperature sensor in fluid
communication with the at least one working fluid, the second
temperature sensor being located between the least one ther-
mal sink and the at least one solar collector, wherein the heat
pump system contains a third temperature sensor in fluid
communication with the at least one working fluid, the third
temperature sensor being located between the at least one
solar collection and the at least one evaporator, and wherein
the heat pump system contains a fourth temperature sensor
and a second pressure sensor in fluid communication with the
at least one working fluid, the fourth temperature sensor and
the second pressure sensor being located between the at least
one evaporator and the at least one heat pump.

In still another embodiment, the present invention relates to
a heat pump system comprising: at least one working fluid; at
least one heat pump designed to receive and utilize the at least
one working fluid; at least one thermal sink designed to
receive and utilize the at least one working fluid, wherein the
at least one thermal sink is in fluid communication via the at
least one working fluid with the at least one heat pump via at
least one first bi-directional valve; at least one solar collector
designed to receive and utilize the at least one working fluid,
wherein the at least one solar collector is in fluid communi-
cation via the at least one working fluid with the at least one
thermal sink via a bi-directional connection, and wherein the
at least one solar collection is in fluid communication via the
at least one working fluid with the at least one heat pump via
the first bi-directional valve; and at least one evaporator
designed to receive and utilize the at least one working fluid,
wherein the at least one evaporator is in fluid communication
via the at least one working fluid with both the at least one
thermal sink and the at least one solar collector via the com-
bination of at least one second bi-directional valve and at least
one valve, and wherein the at least one evaporator is in fluid
communication via the at least one working fluid with the at
least one heat pump.

In still another embodiment, the present invention relates to
a heat pump system comprising: at least one working fluid; at
least one heat pump designed to receive and utilize the at least
one working fluid; at least one solar collector designed to
receive and utilize the at least one working fluid, wherein the
atleast one solar collector is in fluid communication via the at
least one working fluid with the at least heat pump via at least
one first valve; at least one liquid desiccant generator/heat
exchanger combination designed to receive and utilize the at
least one working fluid, wherein the at least one liquid desic-
cant generator/heat exchanger combination is in thermal
communication, or fluid communication, via the working
fluid with the at least one solar collector; at least one con-
denser designed to receive and utilize the at least one working
fluid, wherein the at least one condenser is in fluid commu-
nication via the at least one working fluid with the at least one
heat pump via at least one second valve, and wherein the at
least one condenser is in thermal communication, or fluid
communication, via the working fluid with the at least one
liquid desiccant generator/heat exchanger combination; at
least one fluid accumulator designed to receive and utilize the
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at least one working fluid, wherein the at least one fluid
accumulator is in fluid communication via the at least one
working fluid with the at least one condenser via at least one
third valve; at least one geothermal heat sink/heat exchanger
combination designed to receive and utilize the at least one
working fluid, wherein the at least one geothermal heat sink/
heat exchanger combination is in thermal communication, or
fluid communication, via the at least one working fluid with
the at least one condenser, and wherein the at least one geo-
thermal heat sink/heat exchanger combination is in thermal
communication, or fluid communication, via the at least one
working fluid with the at least one fluid accumulator via at
least one third valve; and at least one evaporator designed to
receive and utilize the at least one working fluid, wherein the
at least one evaporator is in thermal communication, or fluid
communication, via the at least one working fluid with the at
least one geothermal heat sink/heat exchanger combination
via at least one fourth valve, and wherein the at least one
evaporator is in fluid communication via the at least one
working fluid with the at least one heat pump.

Insstill another embodiment, the present invention relates to
a heat pump system comprising: at least one working fluid; an
upper loop comprising: at least one pump; at least one solar
collector; at least one turbine; and at least one condenser,
wherein the at least one pump, the at least one solar collector,
the at least one turbine and the at least one condenser are all
designed to receive and utilize the at least one working fluid
and are all in fluid communication via the at least one working
fluid and together form the upper loop; and a lower loop
comprising: at least one heat pump; at least one condenser; at
least one evaporator, wherein the at least one heat pump, the
at least one condenser and the at least one evaporator are all
designed to receive and utilize the at least one working fluid
and are all in fluid communication via the at least one working
fluid and together form the lower loop, and wherein the bot-
tom loop is in fluid communication with the top loop via at
least two valves.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least two photovoltaic cells; at least one heat pump; at least
one absorption chiller; at least one process heat unit; at least
one hot water device; at least one condenser; and at least one
evaporator, wherein the at least two photovoltaic cells, the at
least one heat pump, the at least one absorption chiller, the at
least one process heat unit, the at least one hot water device,
the at least one condenser and the at least one evaporator are
all designed to receive and utilize the at least one working
fluid and are all in fluid communication, or thermal commu-
nication, via the at least one working fluid, or a combination
of the at least one working fluid and at least heat exchanger,
and wherein the heat pump system has a by-pass circuit
designed to permit the control of the heat pump system when
no cooling is needed.

Insstill another embodiment, the present invention relates to
aheat pump system comprising: at least one working fluid; at
least one photovoltaic cell; at least one heat pump; at least one
hot water device; and at least one condenser, wherein the at
least one photovoltaic cell, the at least one heat pump, the at
least one hot water device and the at least one condenser are
all designed to receive and utilize the at least one working
fluid and are all in fluid communication, or thermal commu-
nication, via the at least one working fluid, or a combination
of the at least one working fluid and at least heat exchanger,
and wherein the heat pump system has a by-pass circuit
designed to permit the by-pass of the at least one hat water
device.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 1D are illustrations of various embodi-
ments of an integrated solar collector and heat pump system
in accordance with the present invention;

FIG. 2 is an illustration of one embodiment of an integrated
solar collector and heat pump having a supplemental fluid
accumulator in accordance with the present invention;

FIG. 3 isan illustration of one embodiment of an integrated
solar collector and heat pump having multiple thermal sinks
in accordance with the present invention;

FIG. 4 is an illustration of one embodiment of an integrated
solar collector and heat pump operating as a radiant cooler in
accordance with the present invention;

FIG. 5 is an illustration of one embodiment of an integrated
solar collector switchable as a thermal source or sink, and
heat pump in accordance with the present invention;

FIG. 6 is an illustration of one embodiment of an integrated
solar collector and heat pump with an integrated desiccant
dehumidifier in accordance with the present invention;

FIG. 7 is an illustration of one embodiment of an integrated
solar collector and heat pump with an integrated power gen-
erating expander in accordance with the present invention;

FIG. 8 is an illustration of one embodiment of an integrated
solar collector and heat pump having multiple thermal sinks
and an integrated photovoltaic cell in accordance with the
present invention; and

FIG. 9 is an illustration of one embodiment of an integrated
solar collector and heat pump configured as a domestic hot
water system in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention generally relates to highly integrated
solar collector with a heat pump. In all embodiments, the
present invention utilizes the same working fluid within the
primary solar collector as the heat pump.

As used herein, the term “non-linear”, as used herein,
includes any surface of a solar receiver whose surface shape is
described by a set of nonlinear equations. As used herein, the
term “microchannel”, as used herein, includes channel
dimensions ofless than 2 millimeter. As used herein, the term
“reflector”, as used herein, includes a surface or surface coat-
ing that reflects greater than 50% of at least one portion of the
incoming light spectrum, which includes the portions of vis-
ible, infrared, and ultraviolet.

As used herein, the term “in thermal continuity” or “ther-
mal communication” includes the direct connection between
the heat source and the heat sink whether or not a thermal
interface material is used. As used herein, the term “multi-
pass”, “multi-pass”, or “multiple passes™ includes a fluid flow
into at least one portion of a heat exchanger and out of at least
one other portion of a heat exchanger wherein the at least one
portion of the heat exchanger and the at least one other portion
of'aheatexchanger can either be thermally isolated from each
other or in thermal continuity with each other.

As used herein, the term “fluid inlet” or “fluid inlet header”
includes the portion of a heat exchanger where the fluid flows
into the heat exchanger. As used herein, the term “fluid dis-
charge” includes the portion of a heat exchanger where the
fluid exits the heat exchanger. As used herein, the term
“boiler” includes a heat exchanger transferring thermal
energy into a working fluid wherein the working fluid is
comprised of at least 5% vapor phase. As used herein, the
term “superheater” includes a heat exchanger transferring
thermal energy into a working fluid wherein the heat
exchanger is used to convert saturated steam into dry steam.
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In one embodiment, the present invention generally relates
to a heat pump system having an integral solar collector that
utilizes one working fluid in common between the two ele-
ments. Here, as well as elsewhere in the specification and
claims, individual numerical values and/or individual range
limits can be combined to form non-disclosed ranges.

The heat transfer fluid within the embodiments is, in one
embodiment, a supercritical fluid as a means to reduce the
pressure drop within the heat exchanger. The supercritical
fluid includes fluids selected from the group of organic refrig-
erants (e.g., R134, R245, pentane, butane), gases (e.g., CO,,
H,O, He,), or any suitable combination of two or more
thereof. In another embodiment, the supercritical fluid is
devoid of hydrogen as a means to virtually eliminate hydro-
gen reduction or hydrogen embrittlement on the heat
exchanger coatings or substrate respectively. By devoid of
hydrogen, it is meant that the supercritical fluid has less than
about 5 weight percent hydrogen (be it either free, or bound,
hydrogen, or the combination of both), less than about 2.5
weight percent hydrogen, less than about 1 weight percent
hydrogen, less than about 0.5 weight percent hydrogen, less
than about 0.1 weight percent hydrogen, or even zero weight
percent hydrogen.

In still another embodiment, the supercritical fluid has a
disassociation rate less than 0.5 percent at the operating tem-
perature in which the heat exchanger operates. In still yet
another embodiment, the heat transfer fluid is a working fluid
wherein the combined energy produced (i.e., both thermal,
and electrical) displaces the maximum amount of dollar value
associated with the displaced energy produced within all of
the integrated components including thermodynamic cycle
operable within a power generating cycle, vapor compression
cycle, heat pump cycle, absorption heat pump cycle, or ther-
mochemical heat pump cycle.

All of the embodiments can be further comprised of a
control system operable to regulate the mass flow rate of the
working fluid into the solar receiver, with the ability to regu-
late the mass flow rate independently for each pass by incor-
porating a fluid tank having variable fluid levels optionally
interspersed between at least one pass and the other. One
method of control includes a working fluid inventory man-
agement system. The control system regulates the mass flow
rate through methods known in the art including variable
speed pump, variable volume valve, bypass valves, and fluid
accumulators. The control system is further comprised of at
least one temperature sensor for fluid discharge temperature
and at least one temperature sensor for ambient air tempera-
ture or condenser discharge temperature.

Exemplary embodiments of the present invention will now
be discussed with reference to the attached Figures. Such
embodiments are merely exemplary in nature and not to be
construed as limiting the scope of the present invention in any
manner. The depiction of heat exchangers predominantly as
microchannel heat exchangers having linear porting is merely
exemplary in nature and can be replaced with any suitably
shaped heat exchanger containing microchannels with
dimensions or porting greater than defined by microchannel
practice. The depiction of solar collectors predominantly as
flat panel non-tracking solar absorbers with integral micro-
channel heat exchangers is merely exemplary in nature and
can be replaced with tracking collectors of 1-axis or 2-axis
type, vacuum evacuated tubes or panels, switchable configu-
ration between solar absorber or solar radiator mode, low
concentration fixed collector, or high concentration tracking
collectors.

The depiction of a heat pump as a vapor compressor device
is merely exemplary and can such a heat pump could be
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replaced with an absorption heat pump. The compressor type
can include a positive displacement device, a gerotor, a ram-
jet, a screw, and a scroll. Furthermore, and importantly, the
heat pump canbe a turbo pump, a positive displacement pump
where the selection of the device to increase the working fluid
pressure and operate as a mass tlow regulator is determined
by the density at the inlet pressure and discharge outlet. In one
embodiment, the incoming working fluid has a density
greater than about 50 kg per m>, or greater than about 100 kg
per m>, or even greater than about 300 kg per m®.

The depiction of valves as standard mass flow regulators is
merely exemplary in nature and any such valves can indepen-
dently be substituted with one or more variable flow devices,
expansion valves, turbo-expanders, two-way or three-way
valves. The depiction of methods to remove heat from the
working fluid as a condenser is merely exemplary in nature as
a thermal sink and can be substituted by any device having a
temperature lower than the working fluid temperature includ-
ing absorption heat pump desorber/generator, process boil-
ers, process superheater, and domestic hot water.

The depiction of desiccant dehumidifier as liquid desiccant
dehumidifier is merely exemplary and can be substituted with
an adsorption solid desiccant dehumidifier and/or high sur-
face area hydrophilic powders. The depiction of geothermal
as thermal source can be low depth subsurface, moderate
depth geothermal wells, or high depth geothermal sources
such as obtained from oil wells. The depiction of expander as
turbine is merely exemplary as a method to reduce the pres-
sure of the working fluid enables the generation of mechani-
cal or electrical energy and can be substituted with turbo-
expander, positive displacement device, a gerotor or geroller,
a ramjet, screw, or scroll device. The depiction of photovol-
taic cell as single concentration device can be substituted with
a thin film, low concentration device, Fresnel lens, and high
concentration devices. With regard to FIGS. 1 through 9, like
reference numerals refer to like parts.

Turning to FIGS. 1A through 1D, FIGS. 1A through 1D
represent sequential flow diagrams of one embodiment, and
various modifications thereto, of a heat pump with integral
solar collector in accordance with the present invention. In the
embodiments of FIGS. 1A through 1D heat pump solar col-
lector comprises heat pump 10 in fluid communication with a
solar collector 20 with a temperature sensor 32 measuring the
discharge temperature of the working fluid from heat pump
10. Another temperature sensor 30 measures the discharge
temperature of the working fluid as it leaves solar collector 20
and prior to the fluid entering a thermal sink 40 which is in
fluid communication with solar collector 20. Another tem-
perature sensor 31 measures the discharge temperature after
leaving thermal sink 40. A pressure sensor 50 measures the
discharge pressure from heat pump 10, though the actual
placement of pressure sensor 50 can be anywhere down-
stream of heat pump 10 discharge and upstream of a pressure-
reducing device including, for example, an expansion valve
or turbo expander.

One exemplary method of control is to vary the discharge
pressure of heat pump 10 such that the temperature of the
working fluid being discharged after the solar collector,
which enables the heat pump energy input to be minimized
where heat pump 10 concurrently achieves the desired work-
ing fluid mass flow requirement and discharge temperature
prior to the solar collector. The discharge pressure down-
stream of heat pump 10 is a function of the solar flux on solar
collector 20 as a method of minimizing the operating costs of
the heat pump with integral solar collector as the heat pump
requires mechanical and/or electrical energy. The heat of
compression resulting from heat pump 10 provides a high
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coefficient of performance temperature gain (i.e., lift) that is
subsequently increased further by solar collector 20. The
control system decreases the pressure gain to ensure that
thermal sink 40 both achieves the required heat transfer and
discharge temperature such that heat pump 10, when solar
collector 20 provides the majority of the heat source into the
working fluid, operates predominantly as a mass flow regu-
lator resulting in a reduced operating cost of heat pump 10.
Another advantage of this embodiment is the elimination of a
heat exchanger to transfer thermal energy captured from solar
collector 20 into the working fluid, and also eliminating a
secondary heat transfer fluid within solar collector 20. In one
embodiment, the working fluid is a fluid that has virtually no
(e.g., less than about 1.0 percent, less than about 0.5 percent,
and even less than about 0.05 percent) thermal degradation
resulting particularly from solar collector stagnation. One
exemplary working fluid includes carbon dioxide, with one
embodiment employing a heat pump discharge pressure
greater than the supercritical pressure of carbon dioxide.
Additional working fluids include refrigerants, water, and
gases.

In another embodiment, carbon dioxide with a discharge
pressure greater than it’s supercritical pressure is utilized in
conjunction with solar collector 20 being a microchannel
device to achieve superior heat transfer with low pressure
drops. Another important design advantage is the selection of
a heat pump 10 that either operates oil free, thus eliminating
the potential of hydraulic oil from disassociating (i.e., break-
ing down) within, or due to, solar collector 20. Alternatively
heat pump 10 can utilize an electrostatic collector to collect
any lubricant utilized within heat pump 10, with one exem-
plary being ionic liquids. An ionic liquid has the further
advantage of having essentially no vapor pressure in combi-
nation of having electrostatic attraction as a method of limit-
ing heat pump 10 lubricant from entering solar collector 20.
FIGS. 1A through 1D illustrate four alternative configura-
tions such that “A” is the inlet of the working fluid into heat
pump 10, and “B” is the discharge of the working fluid down-
stream of thermal sink 40. The first configuration, FIG. 1A,
depicts an expander 60 downstream of thermal sink 40 as a
method of recovering at least a portion of the mechanical/
electrical energy expended during in order to obtain the heat
pump compression. This configuration would be typical for
domestic hot water, air conditioning, refrigeration, industrial
processes including processes currently serviced by tradi-
tional combustion powered boilers, furnaces, dryers, etc.
Expander 60°s discharge pressure is regulated by using feed-
back on the measured pressure by pressure sensor 50 and
discharge temperature as measured by temperature sensor 33.
It is further anticipated that an external combustor can be
downstream of solar collector 20 and upstream of thermal
sink 40 as a method to further increase the working fluid
temperature. This configuration is especially desired for
industrial or power generation processes that involve heating
of air (i.e., less dense than working fluid thus requiring sig-
nificantly larger heat exchangers) as a method of superheating
the working fluid to the desired operating temperature of
thermal sink 40. In the embodiment where the present inven-
tion utilizes the same working fluid for the heat pump as the
solar collector in the case of instances where temperatures
exceed about 350° C., only certain types of working fluids can
be utilized. Suitable working fluids in this instance include,
but are not limited to, ammonia, carbon dioxide and water.
Water, although an possible choice, is less desirable due to the
discontinuous thermophysical properties as water transitions
to steam.
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In FIG. 1B another configuration replaces the expander
with an expansion valve 90 where the expansion valve as
known in the art can operate as a variable controlled device,
open/close switch, and modulated to be a pulsing device to
enhance heat transfer properties. Expansion valve 90’s dis-
charge pressure is regulated using feedback on the measured
pressure by pressure sensor 52 and discharge temperature as
measured by temperature sensor 34. This configuration,
though not as efficient as that of FIG. 1A. has a lower capital
cost thus being implemented when the system scale or finan-
cial return on investment doesn’t justify the additional
expense of an energy recovery expander 60. The working
fluid downstream of the expansion valve provides cooling
through an evaporator 80 thus operating as an air conditioner,
chiller, refrigerator, or freezer which is dependent on the
discharge temperature as measured by temperature sensor 34.

In FIG. 1C still another configuration is illustrated where a
closed loop is utilized, such that the heat pump effectively
operates as a mass flow regulator whereby the pressure gain
between heat pump 10 inlet is a nominal amount solely to
overcome pressure losses associated with the working fluid
passing through the entire circulation loop including solar
collector 20. In FIG. 1D still another configuration is illus-
trated where a system further comprises a fluid accumulator
130 and a control valve 95 as a method to buffer the inventory
of' working fluid within the circulation loop. Fluid accumula-
tor 130 in its simplest form operates as a temporary storage of
working fluid when the operating pressure within the circu-
lation loop is within 10 psi of the maximum operating pres-
sure of any individual component. In one embodiment, the
present invention incorporates a control system to open and
close the one or more valves of the system of FIG. 1D. In still
another embodiment, the portion of FIG. 1D composed of
fluid accumulator 130 and control valve 95 can be utilized in
conjunction with any one of the embodiments of FIGS. 1A
through 1C.

Turning to FIG. 2, FIG. 2 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 2, the system further comprises a fluid accumulator
130 configured predominantly as an emergency working fluid
inventory storage vehicle where an open/close valve 90
enables a partial stream of the working fluid, which is now at
the higher pressure as measured by pressure sensor 50 having
a temperature as measured by temperature sensor 31. The
working fluid passes through a condenser 70 in order to
increase the density of the working fluid prior to entering fluid
accumulator 130. In one embodiment, condenser 70 is
located within fluid accumulator 130, thus enabling the con-
denser (effectively a heat exchanger) to operate as an evapo-
rator/heater. The control system would switch the condenser
from cooling to heating mode once the heat pump discharge
pressure (i.e., working fluid pressure downstream of the heat
pump discharge) drops to an amount lower than the maximum
operating pressure minus an anti-cycling threshold. The con-
trol system would then subsequently open valve 90 once the
working fluid within fluid accumulator 130 exceeds the target
set point as measured by temperature sensor 30.

Turning to FIG. 3, FIG. 3 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 3 heat pump solar collector depicts one scenario
having parallel circuits and multiple thermal sinks. Heat
pump 10, as noted earlier, can operate as mass flow regulator
(i.e., booster pump), more traditional vapor compressor, or
more traditional turbo pump. A control system operates the
valves as a method of controlling the mass flow within each
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parallel circuit. The top circuit is controlled by valve 90 to
enable the working fluid to pass through solar collector 20.
The invention contemplates and encompasses solar collector
20 operating either as a solar absorber or solar radiator thus
providing the ability to provide “free” heating or cooling
respectively by leveraging the high surface area. The working
fluid downstream of the solar collector transfers thermal
energy via a heat exchanger 80, which can be manufactured
using a wide range of materials (e.g., conductive polymers,
aluminum, stainless steel, etc.) and designed using methods
known in the art (e.g., microchannel, shell and tube, plate,
etc.), into thermal sink 41. The working fluid downstream of
heat exchanger 82 mixes with working fluid that passes
through valve 91, thus effectively operating as a solar collec-
tor bypass valve, and sequentially passes through a second
thermal sink 40 that has a lower target set point than thermal
sink 41. Another thermal sink 42 as illustrated in FIG. 3
removes more thermal energy from the working fluid, though
the working fluid temperature will be at a lower temperature
than the two aforementioned thermal sinks 41 and 40. Valve
92 enables working fluid to enter fluid accumulator 130. The
full working features as noted in FIG. 2 are not repeated
visually for the purpose of brevity.

Turning to FIG. 4, FIG. 4 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 4 heat pump solar collector operates as a radiant
cooler. A heat pump 10 increases the operating pressure as
measured by the pressure sensor 50 of the working fluid
which also has its temperature increased due to heat of com-
pression as measured by temperature sensor 30. A secondary
heat transfer fluid, such as domestic hot water is circulated by
a pump 72 through a heat exchanger 80 to remove thermal
energy of the working fluid through a thermal sink 40. This
serves the purpose of providing the first stage of cooling prior
to reaching solar collector 20 configured in the radiant cool-
ing mode. The inlet temperature into solar collector 20 is
measured by temperature sensor 31 and the discharge tem-
perature is measured by temperature sensor 32. Solar collec-
tor 20 when operating as a radiant cooler dissipates black
body radiation to the sky and therefore effectively operates as
apre-cooler/sub-cooler to the working fluid prior to reaching
expansion valve 91. The now expanded working fluid pro-
vides cooling that absorbs thermal energy from a thermal
source in thermal communication with evaporator 80. Heat
pump 10 inlet pressure and temperature are measured respec-
tively by pressure sensor 51 and temperature sensor 33. An
alternate configuration for thermal sink 40 is accomplished
using an air condenser that contains one or more condenser
fans instead of a secondary heat transfer fluid.

Turning to FIG. 5, FIG. 5 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 5 heat pump solar collector depicts another configu-
ration for switching solar collector 20 between a thermal sink
40 and thermal source mode. In this configuration, the solar
collector is optionally under vacuum while operating in ther-
mal source mode and has ambient air flowing over solar
collector 20’s surface area. The working fluid then subse-
quently passes through thermal sink 40. Two two-way valves
111 and 110 are depicted to switch fluid flow direction such
that the heat pump can operate in air conditioning or heating
mode, known in the art as a reversible heat pump. Heat pump
10 has common evaporator 80 and expansion valve 91 (alter-
natively expander) and condenser (which is depicted as either
thermal sink 40 or solar collector 20).
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Turning to FIG. 6, FIG. 6 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 6, heat pump 10 and solar collector 20 are depicted as
further comprising a liquid desiccant generator 120 and a
geothermal 140 as a thermal sink. It is understood that the
heat pump with integral solar collector can operate with either
the liquid desiccant generator 120 or geothermal 140 heat
sink, as well as the shown combination. Heat pump 10
increases the operating pressure of the working fluid in part
by utilizing a controllable valve 90 to provide back pressure
upstream of solar collector 20 while also serving as a mass
flow control (i.e., working fluid pump). Solar collector 20
increases the working fluid temperature of the portion of the
working fluid being transported through the collector as
determined by the control system and regulated with valve 90.
The operation in FIG. 6 depicts heat pump 10 operating as an
air conditioning or refrigeration device to provide the sensible
cooling while liquid desiccant generator 120 provides latent
cooling. The goal is thus to provide cooling therefore a sig-
nificant portion of the working fluid is desired to bypass, by
regulating control valve 91, solar collector 20 while the solar
collector boosts the working fluid temperature through heat
exchanger 82 as required to regenerate the liquid desiccant
solution. The working fluid having been transported through
the parallel circuit is combined upstream of condenser 70
where the working fluid temperature approaches the ambient
temperature. It is understood that condenser 70 can be
selected from the range of known condensers including wet,
air, evaporative, etc. FI1G. 6 also depicts a working fluid mass
management control system though represented for brevity
by a control valve 93 to enable working fluid to enter or leave
fluid accumulator 130 as noted in earlier embodiments. The
working fluid can then be optionally sub-cooled through a
heat exchanger 82 in thermal communication with a shallow
depth (i.e., surface as known in the geothermal heat pump
application, as compared to deep well geothermal for power
generation) geothermal 140 that serves as a thermal sink
upstream of expansion valve 92. Expansion valve 92
decreases the pressure achieving rapid cooling of the working
fluid that subsequently absorbs heat through evaporator 80.

Turning to FIG. 7, FIG. 7 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 7 heat pump solar collector depicts an integral power
generating cycle with an air conditioning/refrigeration ther-
modynamic cycle where both systems operate on the same
working fluid. Beginning the cycle downstream of heat pump
10, heat pump 10 increases the working fluid pressure to the
same low side pressure of the power generating cycle (which
is downstream of valve 91 and condenser 70). The working
fluid downstream of heat pump 10 then passes through con-
denser 71 to condense the working fluid prior to reaching
pump 160 as a method of limiting cavitation. Pump 160
subsequently raises the working fluid, which is now at a
significantly higher density, to the power generating high side
pressure. The high pressure working fluid, which has
increased the working fluid temperature by the heat of com-
pression, now passes through solar collector 20 to vaporize
and optionally to superheat the fluid as a means of increasing
the enthalpy and thermodynamic efficiency of the power gen-
erating cycle. The now superheated working fluid enters tur-
bine 150 inlet in order to produce shaft work (i.e., mechanical
energy) that can further be transformed into electricity or
hydraulic energy. As known in the art, the working fluid enters
condenser 70 in order to reduce the pumping energy require-
ments to return the relatively cool working fluid to the high
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side pressure. It is understood that the turbine can be any
expander device, as the pump can also include a turbo-pump
or positive displacement devices. The control system regu-
lates in real time the mass flow of the working fluid that will
further be expanded in order to match the air conditioning/
refrigeration demands with thermal energy being transferred
through evaporator 80. It is further understood that pump 160,
heat pump 10, and turbine 150 can operate at partial loads
through means as known in the art.

Turning to FIG. 8, FIG. 8 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 8 heat pump solar collector depicts a hybrid solar
thermal and photovoltaic configuration. The precise objective
of' the integrated heat pump and photovoltaic cell system is to
operate with the control system pressure and temperature
control such that the working fluid transforms from a liquid/
supercritical to a vapor/superheated fluid within the backside
of photovoltaic cell 200. The operating pressure is dynami-
cally modulated such that the temperature at state point #2 is
less than lesser of the maximum junction temperature of PV
cell 200 or desired operating temperature. The working fluid
subsequently passes through solar collector 220 to ensure that
the working fluid doesn’t create cavitation in heat pump 10.
The now high pressure working fluid also at the elevated
temperature due to heat of compression is at sufficiently high
temperatures to drive a range of thermal sinks. These thermal
sinks include single, double or triple effect absorption chillers
230. Subsequently the working fluid passes through thermal
sinks requiring sequentially lower operating temperatures
such as process heat 240 and then domestic hot water 250.
The control system will enable the working fluid to pass
through condenser 70 in the event the working fluid tempera-
ture remains higher than the ambient or wet bulb temperature,
which would be obtained by activating the condenser fans/
motors. The working fluid now transfers thermal energy by
absorbing energy through evaporator 80 and now returning to
the backside of the PV cell 200 where thermal energy is
transferred into the working fluid through the embedded
microchannel heat exchanger 210.

Turning to FIG. 9, FIG. 9 is a sequential flow diagram of
one embodiment of a heat pump with integral solar collector
in accordance with the present invention. In the embodiment
of FIG. 9 heat pump solar collector depicts a domestic hot
water heat pump utilizing the same working fluid within the
entire system. This embodiment anticipates the utilization of
traditional working fluids where a maximum temperature
limit must be maintained to ensure no thermal disassociation
or break down occurs. The method of control includes a
dynamic control system that ensures the operating tempera-
ture of the working fluid downstream of solar collector 220,
which is, in one embodiment, a microchannel heat exchanger,
is less than the maximum working fluid temperature and also
to ensure that the working fluid is a vapor prior to entering
heat pump 10. The control system ideally has the means to
control the discharge pressure, the mass flow rate, and bypass
valves including a variable diverter valve 260 having variable
positions to modulate the transferring of heat from the work-
ing fluid into the domestic hot water system 250. The working
fluid subsequently enters the condenser 70 where the con-
denser motors and fans are controlled in order to maximize
energy transfer from the solar collector to the domestic hot
water as a function of the solar flux, ambient temperature,
domestic hot water consumption, and/or domestic hot water
storage tank temperature.

It is understood in this invention that a combination of
scenarios can be assembled through the use of fluid valves

10

15

20

25

30

35

40

45

50

55

60

65

16

and/or switches such that any of the alternate configurations
can be in parallel enabling the solar collector to support a
wide range of thermal sinks.
Although the invention has been described in detail with
particular reference to certain embodiments detailed herein,
other embodiments can achieve the same results. Variations
and modifications of the present invention will be obvious to
those skilled in the art and the present invention is intended to
cover in the appended claims all such modifications and
equivalents.
What is claimed is:
1. A heat pump system comprising:
at least one working fluid;
at least one heat pump having an inlet and an outlet
designed to receive and utilize the at least one working
fluid;
at least one solar collector having an inlet and an outlet
designed to receive and utilize the at least one working
fluid, wherein the inlet of the at least one solar collector
is in fluid communication via the at least one working
fluid with the outlet of the at least one heat pump;
at least one working fluid inventory storage system in fluid
communication with both the at least one heat pump and
the at least one solar collector, wherein the at least one
working fluid inventory storage system is designed to
work in a bi-directional manner, and wherein the at least
one working fluid inventory storage system comprises:
at least one bi-directional expansion valve in fluid com-
munication with both the outlet of the at least one heat
pump and the inlet of the at least one solar collector
via the at least one working fluid;

at least one bi-directional condenser in fluid communi-
cation with the at least one bi-directional expansion
valve via the at least one working fluid; and

at least one bi-directional fluid accumulator in fluid
communication with the at least one bi-directional
condenser via the at least one working fluid;

a first temperature sensor in fluid communication with the
at least one working fluid, the first temperature sensor
disposed downstream from the at least one heat pump
and upstream of the at least one solar collector;

a second temperature sensor in fluid communication with
the at least one working fluid, the second temperature
sensor located downstream of the at least one solar col-
lector;

a third temperature sensor in fluid communication with the
at least one working fluid, the third temperature sensor
disposed between the at least one bi-directional expan-
sion valve and the at least one bi-directional fluid accu-
mulator; and

a first pressure sensor in fluid communication with the at
least one working fluid, the first pressure sensor dis-
posed between the at least one bi-directional expansion
valve and the at least one bi-directional fluid condenser.

2. A heat pump system comprising:

at least one working fluid;

at least one heat pump designed to receive and utilize the at
least one working fluid;

at least one thermal sink designed to receive and utilize the
at least one working fluid, wherein the at least one ther-
mal sink is in fluid communication via the at least one
working fluid with the at least one heat pump via a first
two-way valve, and wherein the first two-way valve is
disposed downstream from the at least one heat pump;

at least one solar collector designed to receive and utilize
the at least one working fluid, wherein the at least one
solar collector is in fluid communication via the at least
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one working fluid with the at least one thermal sink, and
wherein the at least one solar collection is in fluid com-
munication via the at least one working fluid with the at
least one heat pump via the first two-way valve; and
at least one evaporator designed to receive and utilize the at
least one working fluid, wherein the at least one evapo-
rator is in fluid communication via the at least one work-
ing fluid with both the at least one thermal sink and the
at least one solar collector via a second two-way valve
and at least one valve, wherein:
the second two-way valve and the at least one valve are
disposed between the at least one evaporator and the
at least one thermal sink,
the second two-way valve and the at least one valve are
further disposed between the at least one evaporator
and the at least one solar collector, and
the at least one evaporator is in fluid communication via
the at least one working fluid with the at least one heat
pump.
3. A heat pump system comprising:
at least one working fluid;
at least one heat pump designed to receive and utilize the at
least one working fluid;
at least one solar collector designed to receive and utilize
the at least one working fiuid, wherein the at least one
solar collector is in fluid communication via the at least
one working fluid with the at least one heat pump;
afirst valve disposed downstream from the at least one heat
pump and upstream of the at least one solar collector;
at least one liquid desiccant generator/heat exchanger com-
bination designed to receive and utilize the at least one
working fluid, wherein the at least one liquid desiccant
generator/heat exchanger combination is in thermal
communication, or fluid communication, via the work-
ing fluid with the at least one solar collector;
at least one condenser designed to receive and utilize the at
least one working fluid, wherein the at least one con-
denser is in fluid communication via the at least one
working fluid with the at least one heat pump, and
wherein the at least one condenser is in thermal commu-
nication, or fluid communication, via the working fluid
with the at least one liquid desiccant generator/heat
exchanger combination;
a second valve disposed between the at least one condenser
and the at least one heat pump;
at least one fluid accumulator designed to receive and uti-
lize the at least one working fluid, wherein the at least
one fluid accumulator is in fluid communication via the
atleast one working fluid with the at least one condenser;
a third valve disposed between the at least one fluid accu-
mulator and the at least one condenser;
at least one geothermal heat sink/heat exchanger combina-
tion designed to receive and utilize the at least one work-
ing fluid, wherein the at least one geothermal heat sink/
heat exchanger combination is in thermal
communication, or fluid communication, via the at least
one working fluid with the at least one condenser, and
wherein the at least one geothermal heat sink/heat
exchanger combination is in thermal communication, or
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fluid communication, with the at least one fluid accumu-
lator via the at least one working fiuid, and wherein the
third valve is disposed between the at least one fluid
accumulator and the at least one geothermal heat sink/
heat exchanger; and
at least one evaporator designed to receive and utilize the at
least one working fluid, wherein the at least one evapo-
rator is in thermal communication, or fluid communica-
tion, via the at least one working fluid with the at least
one geothermal heat sink/heat exchanger combination
via a fourth valve, and wherein the at least one evapora-
tor is in fluid communication via the at least one working
fluid with the at least one heat pump.
4. A heat pump system comprising:
at least one working fluid;
an upper loop comprising:
at least one pump;
at least one solar collector;
at least one turbine; and
at least one condenser,
wherein the at least one pump, the at least one solar
collector, the at least one turbine and the at least one
condenser are all designed to receive and utilize the at
least one working fluid and are all in fluid communi-
cation via the at least one working fluid and together
form the upper loop; and
a lower loop comprising:
at least one heat pump;
at least one condenser;
at least one evaporator,
wherein the at least one heat pump, the at least one
condenser and the at least one evaporator are all
designed to receive and utilize the at least one work-
ing fluid and are all in fluid communication via the at
least one working fluid and together form the lower
loop, and
wherein the bottom loop is in fluid communication with
the top loop via at least two valves.
5. A heat pump system comprising:
at least one working fluid;
an evaporator configured to receive the at least one working
fluid;
at least one photovoltaic cell disposed downstream from
the evaporator and in thermal communication with the
evaporator via a heat exchanger;
at least one heat pump disposed downstream from the at
least one photovoltaic cell;
atleast one hot water device disposed downstream from the
at least one heat pump;
at least one condenser disposed downstream from the at
least one hot water device;
a first valve disposed downstream from the at least one
condenser and upstream of the evaporator; and
a by-pass circuit designed to permit the at least one work-
ing fluid to by-pass of the at least one hot water device.
6. The heat pump system of claim 5, wherein the at least
one photovoltaic cells comprises at least two photovoltaic
cells.



